FRONTIER TECHNICAL ASSOCIATES INC.

ENGfNEERING BAZARD ANALYSIS
oF
RESIDENTIAL LP-GAS FUEL USAGE

et

.
i
N

3

~

f@C%E;Ebﬁﬂo
c

—

'

|
B

W.A. Bullerdiek

Froatier Technical Associates Report No. T-162-1

Prepared for: U.S. Consumer Product Safety Commission
Division of Electrical & Structural Enginmeering
5401 Westbard Ave.
Washington, DC 20207

JUNE 1986
/PRVLBR NOTIFIED Gontract No. GPSG-GC-85-1131

omments attached
Ercisions{Revisions
K Firm has not requested 7*
further notice

< 8675 Shencan Dnve. Suifalo. New Yorx 14221 (T16) 634-2293







Disclaimer:

This project has been funded by the United States
Consunier Product Safety Commission (CPSC) under Contract Ne.
CPSC=C~85-1131. The contents of this report reflect the
views of Frcntie} Technical Associates and do not
necessarily reflect the views of the Commission or any other
‘organization. The mention of trade names, commercial
products or organizations do not imply endorsement by the
Commission or Frontier Technical Associates.




W.,
e |

Acknowledgements:

The author acknowledges the assistance of Ms. Dolores
Funke, PE and Mr. Leo Ehrenreich, fellow colleagues at
Frontier Technical Associates (FTA) in the information
gatheripg and data analysis steps for the project.

Project direction and support was provided by Mr. -
Donald Switzer, CPSC Project Officer. The author gratefully
acknowledges his assistance and also the assistance of
Injury Information Clearinghouse personnel in the
Directorate for Epidemiology at CPSC.

The broad extent of contacts with, and contributions by
those in the LP-Gas industry and within the Standards
development community preclude personal acknowledgement ta
each and all, We will name a fev individuals and
organizations and extend our thanks to all for their
cooperation. Our express thanks are given to the Natiomal
LP~-Gas Association (NLPGA) and their current and past
Vice-Presidents of Technological Services, Messrs. Hal
Faulconer and Walter Johnson. Many members..of the NLPGA
Technology & Standards Committee and their sub-committees
were also quite helpful.

We would also like to thank members of the National
Fire Protection Association staff and Liquefied Petroleum
Gases Technical Committee; Underwriters Laboratories,
Casualty & Chemical Hazards Dept; Gas Appliance'
Manufacturers Association; National Board of Boiler &
Pressure Vessel Inspectors; AGA Laboratories Staff; ANSI
Accredited Standards Committee Z21 and Subcommittees, - -

_including specifically the subcommittee on Outdoor Portable

Cooking Appliances; the National Institute for Burn
Medicine, and many individual manufacturers for their

cooperation.

ii

J

l..

.
{
L

(kD v LY

}

NN I

~

N [ N L_.'.(.

I

e —

.
—v—




-y

Abstract

Liquefied Petroleum (LP) Gases are flammable
hydrocarbons sold in a compressed or liguefied form.
Propane is the predominant LP-Gas fuel. The ease with which
LP-Gas ligquefies to a limited volume of high energy conteat,
and will re-vaporize for use as a fuel in gaseous form gives
the product high utility where convenient storage, transport
and use features are desired. Principal markets as a
primary fuel for residential heating and cooking are in
non-urban locations without ready access to natural gas
-service. Another major market area in terms of customer
base (as opposed to volume) is as a fuel in recreational
applications, particularly with outdoor portable cooking
equipment, The recreational market is more cosmopolitan in
character than that associated with the predominatly rural
permanent, fixed-sgsite installations.

Many of the characteristics which make LP-Gas desirable
as a fuel can also pose a risk to users. Therefore a number
of codes and standards have been developed addressing safety
issues associated with the use of LP-Gas. The primary risk
to the residential user of LP-Gas is severe burn injury.

The objective of this study was the identification of the
causes and means to reduce fires and explosions involving
the residential use of LP-Gas. Focus was on activitcies and
components in the fuel delivery train beginning at coatainer
£ill and ending at the inlet manifold or primary contrsl of
the consuming appliance.

Analysis of accident patterns and frequency in fixed
installations revealed, among other things, the following:

o On the basis of user population statistics, severe
burn injuries associated with LP-Gas use wvere
disproportionately greater than those associated
with natural gas by a large margin., Factors leading
to this difference were believed to include the
rural character of the LP-Gas user population
(distance from fire and medical assistance);
physical properties of LF-Gas such as its heavier-
than-air characteristic; the nature of the
distribution chain, and different maintenance and
use patterns viz a viz LP and natural gas.
Continuity of supply differences were considered a
ma jor item.

o The prevalent activity at the time injury occurred
was a pilot lighting sequence, frequently after a
gas outage episode.

o Two of the major factors leading to coatrol or
appliance failure and subsequent injury relevant
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to this study were fuel supply pressure excursions
and particulate contamination originating in the
fuel supply system.

o Other major sources of subsequently ignited fugitive
gas were leaks from fittings and connections, and
leaks from corroded or physically damaged piping.

o0 Many of the contributing factors to injury accidents
wvere slow-developing or latent hazards. This
suggested intervention in the form of knowledgeable
inspection and/or maintenance could be an effective
injury prevention tool. This had obvious
implications for the industry GAS Check program.

o Another observation was that non-professional
installation, inspection and maintenance activities,
whether by consumer or untrained or indifferent
service personnel acted as major multipliers for
accident severity probability to whatever intriasic
hazards already existed in a given system.

o The most striking feature of in-the-home tragedies
involving LP-gas, regardless of type of home
construction, appliance or supply system involvement
was the failure of victims to detect the odor of the
flammable/explosive mixture present. Clearly there
vas a major problem in this area.

The strategies to reduce the hazards of residential
LP-gas use follow two courses:

o Reduce the potential for the escape of dangerous
quantities of unignited gas, and

o Insure detection of leakage which does occur in
time to take effective counteraction or at least
to escape.

Recommendations were developed intended primarily to
build upon the existing consensus standards base, addressing
the concerns outlined above,

The greatest impact that could be made in reducing the
hazard of LP-Gas use in the residential environment, with
supply sytems already in place and consumer behavior
patterns essentially unmodified, would be to insure timely
and effective detection of the presence of unburned gas.,K _
Therefore this was considered the number one priority item
for attention. Present odorants added to LP~Gas may go

"undetected due to physical/chemical effects occurring in the

distribution chain, as well as for other technical and human
factor considerations.
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The study was supportive of proposed industry research
efforts on odorants, but it was also recommended that the
National LP-Gas Association (NLPGA) form a broadly based
task group to undertake revisions of NFPA #58 to clearly
delineate responsibilicy for verifying viability of
odorization through the distribution chain, and how, at
least in broad terms, this is to be accomplished.

It was considered important, however, that it be
recognized that gas odorization is only part of the issue.
It is likely that supplemental means of detection to the
human olfactory senses, e.g. electronic detectors, may bhe
technically and economically feasible for certain placement
applications.

It was further recommended that task force
consideration of quality assurance concerns expressed with
regard to odorants be expanded to include other elements of
LP-Gas specifications, such as the presence of corrosive
contaminants.

Another area of incomplete coverage in NTPA #58 was
cited with regard to inspection requirements for certain
containers and appurtenances critical to safety. Therefore
an additional key recommendation was the formation by NLPGA
of a task group for an across-the-board review to establish
requirements for in-service and other inspection of
containers and associated equipment, iancluding safety reliaf
valves and regulators, where present coverage is dimited ar
absent. (Coverage should include, among other things: ’

o Type of Inspection to be performed
o Responsible Parties

o Inspection Incerval

o Record Keeping Requirements

o Quality Audit Procedures

A major impact item in reducing the hazard ia the
residential environment, and one that has the potaential ta
produce the earliest results, was considerad to be the
vigorous pursuit on the broadest level of participation in
the industry developed and sponsored Gas Appliance System
(GAS) Check program. The National LP-Gas Association
members and the Gas Appliance Manufacturers Association
members supporting the program were commended for their
efforta. The priority issue was to insure that the progranm

"does not falter in either depth of breadth of participation.
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Suggestions for increasing leverage on presently
non-participating groups included additional industry steps
and a higher Commission and State regulatory authority
profile on the subject. -

Another major recommendation was to adopt code coverage
requiring two-stage regulation for permanent installations.
Recommendations regarding high pressure protection applied
to regulators were also made.

Development of a voluntary standard to provide
protection of appliance controls from particulate
contaminants was included in the recommendation listing.

. Other recommendations were made dealing specifically
with customer owned containers and their principal
application, self-contained outdoor portable cooking
equipment. These addressed the key hazard elements
identified, listed here in the approximate order of the risk
they posed in terms of frequency and severity:

1) Overfilling of containers; improper purging

2) Improper transport/storage/maintenance of
containers and fittings, and

'3) Unsuitable component design for preventing minor
operational upsets from escalating to major fires.

Ma jor recommendations included the following:

1) Require automatic stop-fill devices on portable
cylinders,

2) Prohibit 'self-serve' cylinder £illing by
customers, Introduce or upgrade as appropriate,
training and certification of LP retail service
station operators.

3) .Revision of ANSI Z21.58 to define temperature
limits on all gas carrying components where
heat transfer from the burner box may affect
component temperature., Specify performance tests
appropriate to assure adequacy of affected
components, including hose connectors, regulators
and valving.

4) Require quick connect (automatic shut-off) coupling
at cylinder valve outlet.

5) Require automatic thermal shut-off device(s) to
interrupt uncontrolled gas flow developing from
hose connector failure or regulator melt down
from excessive heat (fire).

vi
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6)

7)

Require a high pressure shut-off rather thanm a
safecy relief vent on grill application regulatars.

Set-up appropriate monitoring activites for early
intercept and correction of any 'start-up'
difficulties typically associated with newly
adopted equipment.

"Additicnal comment and recommendations conceraning both
fixed and portable LP systems are contained in the report.
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1.0 Introduction
1.1 Background

Historically the number and the severity of accidents
involved with the use of liquefied petroleum (LP) gases for
residential use have appeared ocut-of-proportion to the
aumber of appliances and users of the fuel, compared to
natural gas, for example. Certain phyéical properties of

‘the gas, the nature of the distribution chain, particular

maintenance and use patterns associated with the fuel have
been considered contributory to a higher level of hazard.

Addressing the hazards, substantial focus in the past
has been on the appliances involved and their appurtenant
controls. Numerous LP-gas accidents involving appliance
operation have their genesis in activities and/or _ _—
malfunctions upstream from the appliance and its controls.

Moreover, there are incidents with no appliance . involvement
at all, not even as a source of iganition.

1.2 Objective

This study had as its objective the identification of
the causes and means to reduce fires and explosions
involving the residential use of LP-gas. Focus was to be on
the activities and components in the fuel delivery train
beginning at container f£fill and ending at the inlet manifold
or primary control of the consuming appliances.

1.3 Scope

Certain generally defined tasks and limitations were

-applicable to more closely delineate the broad scope and

objective of the project. The contract was approximately
nine months in duratioan and involved an expenditure of
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approximately 900 hours of personnel labor. 3riefly the
tasks included:

o Collectiocn and examination of information to
determine the ianvolvement and likely causes of
sccidents, considering among other things:

= Activities related to the accideat, iacluding
£illing practices

-« LP-fuel propertiess, including contaminants
- Containers, fittings aad piping including
regulators, relief valves, shut-off valves,

connectors, etc.

o Developaent of a hazard ranking of identified
failure causes coasideriag frequency and savericty

of risk.” ~

o Providing and ranking recoamendations for aay

corractive actions as to expectad pasitive impact iz

raducing hazards considering cost to the consumner.

The project was to sxclude containers of less thaa one
pound water capacity and related accivities where this size
contaiser wvas iavolved., Similarly, use of LPG as a motar
fuel was excluded from direct consideraction. The excepcion
to these exclusions was vhers a common problem or potsntial
2ccident factor with an iancluded activity or container was
involved,
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1.4 Methodology :
1.4.1 Iatroduction:

Attacking a2 subject such as LP-Gas safety with its
broad ranging and diverse issues in a manner which
rapidly provides points of focus for achieving project
objectives is always a challenge. Perhaps equally
challenging is distilling the findings for report
purposes in a manner which will be useful to a diverse
readership. Recognizing that the technical familiarity
of interested readers will vary sharply, and that some
will be intensely interasted in a narrow set of issues
rather than the broad picture, we have selected a
format to try an ease the burden for a variety of
readers.,

Basically, where necessary and practical, the
reporting format provides two and sometimes three
levels of depth on a8 given subject. In the latter case
an overview of the subject will be given and then a
more detailed technical discussion will follow in the
main body of this report. Additional background
material is then either referenced or contained in
appendices to the main'report. Section 2.0 of the
report contains a summary of the key findings,
conclusions and recommendations of the study. These
are repeated with appropriate supplemental discussion
by specific topics in the later text.

1.4,2 Accident/Iajury Data - Hazard Ranking

Development

One ¢f the fundamental safety engineering
principles is that any risk of serious injury or deach
is unreasonable and unacceptable if reasonable means to




reduce or eliminate that risk are available.

Few would disputs che concept; hovever, defiaing
vhat is "reasossable” can aand does £111 courtrocms. For
the moment, hovever, consider what this principle says
about nuabers—— numbers ars not everythiag. Other
factors need to be considered, such as severity of the
risk. Modifiers to our tolerance of risk include
percaived utility of the object or service and the
expectad complexicy and/or cost of makiag it safer.
Frequency aand severity remain the key factors iz
establishing a hazard raaking, however. FT4 ucilized
frequency and sovcéi:y a3 the major elemeats for hazard
razking. Howvever, qualitative assessments Zor ezphasis
and priority for correction vere glso made on the basis
of likely availability aad reasonableness of 2eans to
take corrective asasures.

FTA intended to sizmultaneously move ia two -
directions iz tackling the hazard rankiag cask. In one
direction wve would devalop the broad ouclines of the
problem, establishing the population ac risk, national
injury cotals, national fire totals, etc. Then ve
vould move down froa this poins, disaggregaciang and
categorizing causal factors, numbers and severicy to
the extezt possible.. From loag experience in the field
izt wvas expected that che larger daca bases would become
less useful che finer the decail that was necassary to
pizpoint specific components and causes.

FTA therefore intended to, and did in fact cake a
second direction, starting at the"bdottom”" aad warkiag
.49, 33 vell. Here we started ar the essentially
anecdotal level of reported iancidents and collecced
experience of those ia the iadusery, agving uap to
levels vhere accident numbers and ssverity could bHe
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generated (though not projectable to a national basis) and
aggregated to the extent possible. FTA basically follaowed

* this overall method with some modification in the "top
down", broad ouﬁline approach. It became evideant in the
course of analysis that establishing national iajury totals
was not going to be possible. The National Eléctronic

= Injury Surveillance System (NEISS) provides national

projections of injury totals for given product codings on

- the basis of population demographics. Available codings and

. certain unique characteristics concerning the distribution

- of the LP-Gas user population limited the utility of this
source for such projecticnb.

In response :ﬁ the problem of securing national
projectiocns, hence being unable to quantify a specific
injury rate (injuries per unit population exposed), FTA
- expanded other data base reviews to further
.~ qualitatively and semi-quantitatively develop the areas
— for priority attention. Amalgamating the total
findings, a picture of the overall extent of the
problem areas emerged, as well as more detailed points
of concern. In establishing hazard rankings we looked
for repetitive incident patterns, causative-factors aand
the severity of consequences.

— Government and private data bases were utilized as
;- sources for accident/injury information. These
- included:

1) National Fire Protection Association (NFPA)
National Fire Incideat Reporting System (NFIRS)
general data and specific resideatial/LP data
runs using the Fire Incident Data Organizatiamn
(FIDO) data base

2) National Burn Injury Information Exchange
(NBIE) special data runs with etiological data

———— ——
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comparisions between LP and aatural zas
accideats resaltiang in severe buraz iajuries.

3) CPSC In-Depth Ianvestigations (initial screening
of computer summaries followed by coaplate
documeat revieaw)

4) CPSC Death Certificate Summaries
5) CPSC NEISS Estimatas (used spnr}ngly)
6) CPSC Reported Incidentcs File (briefly examined)

In addiczion, special reports issued by goverzment
and private agencies (see References) aand FTA's owvn
investigative experience were ugtilized for analysis.

arat—— —

Appcn&ii "A" has additional bdackground 1n£orn§;icn
on accideat/iajury data and sources. -

1.4.3 Characterizacion of the L? laduscry and
Residential Usa Patceras

Information on LP served residences, "pypulacion- at-risk”™
and specific use pattarns were developed prinicipally
from Bureau of Census data (Detailed Housiag
Characterisctics and Energy Use Survoys)1'3. Yaciagnal
LP~-Gas Association (¥LPGA) s:atistics4 vere also usad
independently and combined with daca derived Zrom
Cansus information to establish demographics of the
user papulatioca, quaatitative data on contaisers by

type and size, regulatar production and relatad

.informacion., Other scurces suca as the Gas idppliance

Manufaczurers Association (GAMA) and the Yatiomal
Barbecue Grill Associatiocn wers utilizad for other
specializad data requirements.
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Much of the statistical data derived from these
sources has utility beyond the hazard analysis
consideration. Appendix B contains numerous
statistical tables and figures developed in the course
of this investigation. .

The NLPGA, principal trade association of the
industry, was a key organization for establishing
specific contacts on issues of interest. Contact vas
made with staff members, members of their Technology
and Standards Committee and Subcommittees for the
purpose of discussion of the many codes, standards and
general practices of the industry affecting safety.
Numerous other organizations, each representing some
industry segment and/or relevant standards activity
were also points of contact. Appendix C provides
additional detail on some of the organizations of

interest.
l.4.4 Standards & Practices

An understanding of the standards and practices of
the industry was key to FTA's approach in undertaking
the hazard analysis project. There are a number of
consensus standards, some codified and made mandatory
in some jurisdictions, and government specifications
which are minimum standards covering many of the
components and activities of interest to the study.
Some of the components are alsc listed or certified by
Underwriters Laboratories (UL), Factory Mutual System
(FM) or the American Gas Association (AGA)
Laboratories.

fnowledge of the standards established where we are
today. Contact with the organizations and people
actively working with these standards established a




"

feel for cheir perceptions of problems and how they
expect to address them. Independently, FTA assessed
;ho hazards based oz injury patterns and established
wvhether the problems found are remnancs of somsthing
long siacs addressed, recognized but arguably
ineffectively addressed, or emergiag and not yet the
subject of remedial action.

Nacional Fire Protectioa Association (NFPA)
Standard ¥o. 58, "Storage and Handliag Ligquefied

_ Patzoleum Gasoa"s covers, for the purposes of this

study, the design, construction, iastallation and
operation of LP-gas systeas except that portioa of the
system covered by NFPA #54 (ANSI Z223.1), National Fuel
Gas Codeé. The latter coverage extends frem the cutlet
of the firat stage pressure regulator and covers the
piping and gas ucilizacion equipment dovascream fronm
that peias (Figure l-l). Membership {in the Code
commictaes is showa ia Appendix D, along with the NLPGA
Technology & Stasdards committase.

NFPA #58 incorporatas by referencs coatainer
specificacions suicable for LP gas by the Deparcaeat of
Transportatioa (49 CFR 178)7 and the American Society of
Mechanical Engineers (ASME) under Seccion VIII of the
Unfired Pressure Vessel Codoa. Filling specifications
=ay be fouad 1a 49 CFR 173 as well as ¥FPA #58, Ochaer
code and staasdard cross-raferences wich YFPA #54 and
NFPA #58 may be found in Appeadix E. Additional
informacion regarding ths relevaat codas aad standards
are included in subsequent tachnizal discussion.

1.4.5 Recoamendacions for Iaprovements

Recommendations for corrective measures arisiag from

this study included: 1) nev approaches; 2) nev emphasis
on kaawn selutions non-uniformly applied; 3) suggescions as
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NFPA 758 NEPA F54 (ANSI 2223.1)
STORAGEAND <3 ©=>  NATIONAL FUEL GAS CODE
HANDLING OF | . - -
~ LIQUEFIED PETROLEUM R—
. GASES
- FIRST STAGE )
o REGULATOR g S82
USUALLY 5 TO 15 PSIG ewtm _ W,
re 11
- SECOND STAGE .~
. REGULATOR®
. ' J rf TWO-STAGE REGULATION
- APPROX. TANK PRESSURES ' *NFPA #54 REFERENCES
Fodons)- -8 SECOND STAGE REGULATOR
118 pia © 72F ON LP SYSTEMS
- 185 psig @ 100°F

| Figure 1-1 DIVISION OF CODE COVERAGE LP GAS SYSTEMS
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to new approaches, or a fresh look at solutiogns previously
rejected on cost or tschnical grounds; 4) reinforcement and
stiavlacion of already plaaned efforts, and 5) suggestions
for redirection of existing effort to mors productive areas
of pursuit. Withian the scope of the proposed effort
cost/benefit analyses -could aot be performed. However,
order of magnitude posizive iapact versus cost evalunations
vere performed to prop@rly rank recommendations.

YLV

Recommendations were arrived atc by an icsrative
process. Postulated courses of action vere assessed aad isa
many cases reaction from external scources sought. No
general coasensus was sought or expected, hovever.

Oy AL

(.

The zeeds for corrective measures identified, FTA faels
ars clear. Hovever, the proposed routes to sclutiocn are not

=1
alvays "set ia concreta”. Ian these cases ve have sought to o
provide 3 catalyst in provoking thought and movemen:t to -
achieve the safecy objective. i
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2.0 Summary of Key Findings, Conclusions aad
Recommendations.

2.1 Introduction

The broad ranging nature of this study resulted in a
myriad of potential points of comment. This section wvas
prepared to pull together some detailed, particular issues
containing common threads into a more cohesive form. Also
the key priority issues and recommendations are separated
from the pack and highlighted. Both general and specific
findings and recommendations of major concern are presented.
The following sections of the report then address the issues
in more detail by individual subject matter.

As the study progressed it became evideat that the
characteristics and distribution of the population whose
primary LP-Gas utilization pattern was f&r recreational use
was separate and distinct from those using LP Gas as a
primary fuel for heating and cooking. Accordingly, these
groups were considered separately. '

2.2 Selected Key Injury Patterns & Causative Elements

The primary risk to the residential user of LP-gas vas
severe burn injury. Approximately 2% of patients admitted
to severe burn treatment facilities were victims of LP-gas
burns. The average area of the body burned was substancialy
greater than the average burn treatment center patient.
Average percentage of full thickness burns and survival
rates were not significantly different from the general
population of severe burn victims. Over 80% of the victims

‘were males. This data was drawn from stactistics of the

National Burn Information Exchange (NBIE). Appendix "A"
provides additional information from this source.

11
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On the basis of user populacion stacistics, LP-gas was
"over-represenced” ia che severas burn catagory by over 4:1
using natural gas as a comparison. Hovever, the analysis
vould indicace that about half of this difference may de
actributable to the rural anature of the user populaction,
vith distance froa fire and medical assistance being a
factor. Also, solid fuels vere higher coacributors to fire
death rates thaa any gaseous fuel. This latter poiat is s
consideration with regard to possible fuel switching vhich
might occur if the use of LP-Gas was inhibited iz sone
maaner.

The appareant "excess" loss agomaly anoted sbove for
rural locations was reported in Raference 5. The
”over-rcptcsen:acioni" of LP-Gas vis a vis nacural gas in
severs burn casas was derived from NBIZ data. Figures 2-1
and 2-2 illustrates the poiat for severe bura injuries
occurriag at home. Figure 2-1 is a frequency iadex for the
two fuels where tha data is "aormalized" co account for che
size differeances ia the rasspective user populacinns. Census
da:al'B and American Gas Association (AGA) dqcalc was
utilized to establish user populaciocns. Figure 2-2 plots
cthe actual reparted injuries ian the YBIE sample for natural
gas and LP-gas, plus an "expected” tozal for LP-gas. The
"axpected” value is an estimate based oa nacural gas
reparted iajuries and the racioc of customars served by
LP-gas and catural gas. Ia other words the "expected” value
is the number of injuries one would anticipate if chere was
o difference in accident £toquinc7 associatad wich the cype
of gas fuzel used-—=irrespective of actual cause of the
accideant.

Cousidering permaneat iastallations tha overwheimiagly
prevalent activity at the time of injury was a pilec
lighting sequence, frequently after a gas outage episode.
The kitchea was the most likaly location for an ianjury to

¢
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oceur considering all causes. Zliminacing fajury from
"contraollad” fireas che basementc or cellar was the priamcijal
location of ianajury. Over-reprasentacion of iajury ia
baseaencs vis a vis LP aad nacural gas wvas consistent wich
the overall differeaces. Variation in use pattern (more
outages due to noa-continuous supply of fuel) and specific
gravicy differences in the fuels vere considered priacipal
contribuytors to the diffarence.

A series of plots (Figures 2-3 through 2-8) have bhaeen
prepared to illustrate and compare by fuel, activicy,
location and prodact tie associated relative accidenc
percentages where.govcrn bura iajuries were iavolved. Thisx
infarmation wvas derived from NBIE daca. Addiciocnal
informaction may be fousd in Appeadices "A" aand "3".

The pie chart depiction in Figure 2-3 clearly showvs che

lighrigg sequencs g ogtribution with bdoth LP aad satural gas

fuels. The substaatial perceatage of injuries occurrisg
victh maistenancs, isspection and ianstallacion adtivicties is
also demonscrated. Note also that the viczia was usually
directly iavolved in the activicy leading to injury, racher
chan being a byscander. Figure 2«4 plots the same
{aformation found ia Figure 2-3 in a msanner making it easier
to visuvalize proportions.

Figure 2-5 depicts the discribution of locations wherce
severe burn injury occurred. The higher percesncage of
accidents ia the yard with LP-Gas compared to nacural gas
reflect the significantly gresater usage of LP-Gas in oucdoor
recreational activities such as barbecuiang. The figures
shovn are for accidents occurring at home and do not reflact
avay-£from-home sctivities such as camping. Figure 2-6 placs

- .'the Figure 2-~5 daca in bar chart form.

Figurs 2-7 illuscrates product iavolvement (chough not
necessarily a causal factor) in severe buora fajury
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accidants. Leaskage from piping and fictiags associated with
an appliance will typically be reported by NBIZ with che
equipment., Similarly, equipmeat associacad with the
activicy at time of iajury, aot actual sourcs of ignitad
fuel may bhe ceportad. Grill accideats associated wich che
fuel supply cylinder and associatesd valving hovever, may be
reportad vith the cylinder category. Reporting variations
such as these make the activity and location statistics more
reliable than the product aumbers from this data sourcas.
Gross trends may be assessed, hovever, and correlated with
other source data. The percentage of LP accidents
associated with fuel contaiaers and accessories, for
exazple, is relevant., Figure 2-8 shows the Figure 2-7 data
in bar chart fora.

On the basis of FTA analysis and observacion, twe of
the major factors lcghing to control or appliance failure
and subsaquent injury relevazt to this study were fuel

v

LY

supply pressure excursion and particulatce conc3IT@IAAEIOA
originating ia the fuel supply syscem. Other aajor sourcas
of fugitive gas which wvas subsequently izaiced wera leaks
from fittings and conanections, and leaks from corroded aor
physically damaged piping seeping into below=-grade
locacions. Problems with contaisers and their iamediace
valviag aad appurtezancas serviag fixed locacions were faver
in aumber than those asscciated with customer owned, small
portable coatainers. Principal difficulties were ncted wich
DOT (ICC) cylinders and shut-off valves. Frequeacly che
problems wers age and/or deficiencies~-in-iaspection relaced,
rather than basic design problems.

Overfill problems were occasionally nocad with fixzed
site containers, but wvere £ar rarer than tchose reported with
portable gear. By comparison, overfill aad/or purze

- problems with customer containers, priscipally 20 1b.

¢ylinders, are of major proportions. Table 2-1 is a
breakdown of 89 LP-Gas fuel container cases vwhich were the

28
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subject of ine-depth investigations (IDI) by CPSC. Shown are
incidents involving 20 lb. or smaller DOT cylinders,larger
than 20 1lb. DOT cylinders, stationary ASME tanks, and a
single incident of an ASME mobile tank converted to
stationary use. Virtually all the 20 lb.and under category
cylinders were 20 1b. units. The larger cylinders vere
nearly all 100 1lb. units. This would be consistent with
their relative numbers in the field. Table 2-1 suggests
that cylinders, particularly portable ones, dominate the
number of overall incidents and incidents where
purge/overfill problems are an identifiable causative
factor. Further, it indicates that purge/overfill problems
are a substantial contributor to small container accidents.

IDI data is not necesssarily statistically
representative of actual field experience. However, thers
wvas no indication of particular container bias in this data.
The CPSC data conforms in general with our own observations
and'experience, except that the CPSC data may tend to
understate the purge/overfill contribution due to the lack
of information on many incidents to establish causal
elemeats.

Section 4.2 and 5.0 provide additional technical
information relevant to this subject.

Severe, and growing troubles are seen with the loss of
control in professional training for £filling, handling,
storage, inspection and maintenance of customer owned gear.
What might be termed the ultimate in non-professional
practice, cylinder filling by customers at retail
"self-serve" LP-Gas dispensing outlets should be prohibited.

Outside equipment problems tanded to center around the
fegulation systems employed. This was axpected since
regulators are relatively complex mechanisms with several
dynamic components. Fuel supply contamination, weather

29
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- Table 2-1
CONTRIBUTION OF OVERFILL/PURGE PROBLEMS TO
ACCIDENTS INVOLVING LP-GAS CYLINDERS OR TANKS
F— OVERFILL/PURGE
) % BY
{' , — e ! e e
‘- 20 1b. OR SMALLER DOT
- DOT LARGER THAN 20 Ib. 4 40 4
- MOBILE TANK 1 100 1
i’ STATIONARY TANKS = |
- ASME 1 7 1
~ TOTALS 20 - 2
i
L Sourcs: CPSC 1D Reports
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conditions and old or poorly protected equipment were key
elementcs in tas accident scenarios. Section 3-4 contaias
additional technical discussion with regard to regulation
systams.

"~ The most s::ikin:.feazurc of in~the~home tragedies
involving LP-gas, regardless of type of coastruction,
applianca or supply system iavolvament was the failure of
victims to detect the odor of the flanmable/explosive
sixture pressnt, Clearliy there is a major problem in chis
area. Sectionm 4.2.3 of the report addresses this topic.

Many of the contributing factors to iajury accidezcs
vere slow~devaeloping or latent hazards. This suggested
intervention in the form of kanowledgeable inspecticn and/or
gaigtenance could be za effec2ive iajury preventioen czoel.
This had obvious implications for the iadustry GAS Check
program. This is discussed further {1 Seccion 2.3,

fallowing.
Anocher observatioa was that aon-professiocanal
iastallation, iaspection and maincenancs activizies, whecher
by consumer or uacrained or indifferent servics perscnnal
acted as order-of-magnicude multipliers for accident
severity probsbilicy on whatsver intriansic hazards already
exisced in 3 given syscem. Recalling earlier discussion and
Figure 2-3 in particular, a substancial aumber of iajuries
oceur vhile the victim is directly performiag some
izscallation, inspection or mailatemance activicy.
Substancial as that percantage is, it represeats caly a
fraction of the problem. Many of the other accident
scenarios shoved a clear coactribution from earlisr incorrect
or omittad installation, maintenance or inspectiosn
gctivitiea. This vas particularly evident wich regulacers,

‘valves, piping and fictings.
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Recreational uses in general and self-contained

barbecue grill use in particular were considered significaat
sources of injury. Due to the high growth rate of the
market for this equipment a major increase in the number of
total injuries is foreseen.

Figures 2-9 through 2-12 permit visualization of some
of the factors involved in portable grill accidents. Figure
2-9 provides a breakdown of ignition or intensity factors
relacted to the fuel supply as accideat contributors. Note
that nearly a third of the sample reports were related to an
excess pressure event. It may also be observed that nearly
a fourth of the incidents were escalated in intensity due to
continuing or high the fuel releases.

Figure 2-10 illustrates the high level of involvenmeat
of the fuel supply conveyance and control system between the
supply cylinder and the grill proper.

Figure 2-1]1 is an analysis of excess pressure incidents
illustrating the high percentage of initial or first use ’
after refill events. This is indicative of purge/overfill
problems and in some cases overheating of the.container and
contents. '

Figure 2-12 breaks out accident locations which tended
to be involved in high loss accidents due primarily to their
proximity to the principal residential structure. Section
5.6 is directed specifically to the outdoor portaﬁle coaoking
appliance subject. ; .

The grill market, along with RV applications, makes the
20 1lb. DOT cylinder the overvhelmingly dominant container.
In terms of numbers, nearly all are customer owned. The
specifications as originally developed for DOT cylinders aad
appurtenances such as cylinder valves and safety relief
valves contemplated temperature ranges in the transportation
environment, limited consumer interaction for filling,
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EXCESS PRESSURE (33%)
OVERFILL/REGULATOR

FAILURE/IMPROPER
PURGE/OVERHEATING =
=
— OTHER OR
— UNKNOWN (42%)
e —————

. _-«::“.'\\ ——————
8 \\_"t\,\\\\s.
an =
RN R AN -
ﬁ\"gs..si:\ ‘-::\";:;‘R%%{\i‘“‘:"ﬁ~ ———
R TR —
"N@\s.‘-q.\&.\\-ggcsrg;i A
N \';.\\‘\‘::.\3\{{;:\ ,
RTINS

HIGH RATE OF

FUEL RELEASE (25%)
CONTINUQUS FLOW

(MELTING & BURN THROUGH)/
CYLINDER FAILURE/OTHER

Source: CPSC - 1DI Files

Figure 2-9 FUEL SUPPLY RELATED IGNITION OR INTENSITY FACTOR IN PORTABLE
GRILL ACCIDENTS
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OTHER (17%)

RELIEF (44%)

Sourcs: CPSC - 101 Files

Figure 2-10 SOURCE OF GAS IN PORTABLE OUTDOOR COOKING EQUIPMENT ACCIDENTS

REGULATOR/VENT RELIEF/
CYLINDER VALVE/SAFETY
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. oy .J
INITIAL USE OF .—ffZZ % OTHER OR UNKNOWN

oy N
CYLINDER (25%) ~____ ,:4&’,/?2”,:.’5 | FILL STATUS (30%}

g | ———
G A a—
< ——

L §
——— -
N

e

SR DR w-;\ ) o
SN ANEA RSN A, QLR v AN
R R R R AR
AR mﬁ%‘@%@:ﬁ&‘?.\?:\&?j
TERIRETRENN SRR "'\‘\\\\é
R R
1ST USE AFTER SRS )
FILL AND/OR OVERFILL

INDICATED (45%)

Source: SPSC - 1014 Fiies.

Figure 211 ANALYSIS OF EXCESS PRESSURE INCIDENTS RELATED TO PORTABLE
GRILL ACCIDENTS
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PATIO OR
DECK (30%!}

OTHER OR

L / UNKNOWN (59%)

- ‘\ e, Py
GARAGE/BREEZEWAY/ = =
CARPORT/COVERED ~ =
PATIO/SCREENED IN
PORCH (11%)

Source: CPSC - 101 Files

Figure 2-12 LOCATION REPORTED FOR PORTABLE GRILL ACCIDENTS
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scorage and handling, plus resctriccions on iamediaca sources
of ignirtion for any released gases. izilarly,
specificacions for hoses, coanectors and regulators wers
developed consideriang different eaviroaments than those
associacad with portable grill use. The adoption of codes,
specifications and equipment not adequately considering the
use eaviroament vers believed to be major coantributors to

curtent problems. Section 4.2.1 and S5.2, along witch Sectionm

S.6 develop the tachaical reslationships betwesn fuel
properties, conctainer and equipment scandards relevant tc -
these issues.
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2.3 Priority Issues & Recommendations

2.3.1 General

The strategies to reduce the hazards of residential
LP-gas use follow two courses:

0 Reduce the potential for the occurrence of
dangerous leaks

0 Insure detection of leaks which do occur
in time to take effective counteraction or
at least tq'cscape.

Leaks as defined here means any undesired release of
fuel into an environmeat where it may become ignited and
result in death, injury or other loss. Thus it would
include releases due to such things as malfunctioning
controls, for example, as well as from loose'connectiong,

corrosion holes, etc.

The greatest impact that could be made in reducing the
hazard of LP-Gas use in the residential environmentr, with
supply systems already in place and consumer behavior
patterns essentially unmodified, would be to insure timely
and effective detection of leaks. Therefore we consider
this the number one priority item for atteation.

There is an odorization problem. In many cases it can
be reasonably determined that the gas was initially
odorized, and that knowledgeable and unimpaired victims did
not smell a high concentration of gas. The odor "faded"

somewhere in the distribution chain.

"Fade" is a non-technical, short-hand descriptive term
for an observed effect not necessarily attribucable to a
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siagle mechanism. L7-Gases are intriasically essencially
odorless, heacsa small quanticies of malodorsus compounds are
added to LP fuesl to act as a warning agent. The odorizinag
chemicals may.bresk down chemically under certain
conditions, radically alceriag or elimisating their
effectiveness as a varning ageat. There are additional
physical factars, such as adsorption on coatact surfaces
vhich also may reduce the effective odorant conceatration.
Odoraat aay be pressant, buot undetectable because the
heaviest concentration of escaped fuel is below nose level;
there may be impairment of the olfactory senses due to age,
disease, presence of masking agents or collaceral
discractions. The "fade" phenomenon aad a host of techaical
and buman factors issues have been studied in the past. The
LP industry is presently coansidering spoasorianag additional
research. We are supportive of this effortc, and would place
ic high on the priority recommendation lisc. Additional

it Y

W B

discussion of odorizatica may be found in Section 4.2.3.

It ‘is imporctant, hovever, that it be recogﬁized thae
gas odorization is only part of the issue, oot the whole
issue., It is likely that supplemencal means .of detection to
the human olfactory senses, e.g. electroaic decectors, may
become tachaically and economically feasible for cartain
placement applications. An example would be frequently
unattended locations such as basements with fuel buraing
appliances. Reseaarch and development efforts should
enccapass activity in the area of detectors and cheir
appropriace applicaction..

¥eanwhile, ve must be concsrned with the situation as
it exists. and is likely to exist for a significant tima iaco
che future.

The requiremaents ia NFPA #58 regardiag odorane

detectability and suggescad lavels of odariziag ars a
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microcosm of a more pervasive deficiency in NFPA #58,

whether it be in "mandatory" or "recommended” provisions. .
The deficiency is the frequent absence of any clear

assignment or protoccl for whom is responsible for meeting a
stated reqni:émen:. how is it to be carried out, and who and

how is it to be verified that the provisions are met, even

stated in very broad terms.

In the odorization case the absence of delineation and
fixing of responsibility may mean the oanly check is an
ﬁnverified statement from the attendant at the loading rack
at the beginning of a tortuous trail of shipping,
commingling of gases, storage, etc. through many hands to
the user. This practice may occur with odorant materials
with known stability problems in environments likely to be
seen in the distributioa chain.

We specifically recommend the forwmatieon—of-—a—broadly

based task group to undertake revisions of NFPA #58 to
clearly delineate responsibility for verifying viability of
odorization through the distribution chain, and how, at
least in broad terms, this is to be accomplished.

Similar examples of weak coverage in NFPA #58 can bhe
cited with regard to inspection requirements for certain
containers and appurtenances critical to safety. Therefore
an additional key recommendation is the formation of a task
group for an across-the-board review to establish
requirements for in-service and other inspection of
containers and appurtenances, inﬁluding safety relief valves
and regulators, where present coverage is limited or absent.
Coverage should include, among other things: '

o Type of Inspection to be performed

o0 Responsible Parties
0 Inspection Interval
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0o Record Xaeping Requiremencs
o Qualizy Audit Procedures

A major impact item in reduciag the hazard ia che
residential énvircnncnc. and one that has the potential to
produca the earliest results, is considered to be the
vigorous pursuit on the broadest level of participation in
the induscry developed and sponsored GAS Check program. The
National LP-Gas Association members and the Gas Applianca
Mgaufacturers Association members suppoerting the progran
should be commended for their efforts. The priority issue
here is to insure that the program does not falter in either
depth or breadzh of parcicipatiosn.

Accordiag 2o NLPGA sourcas, participation ian che GAS
Check program as of 1 May 1986 was 1188 markecers, .
represencing 385 of che association membership. The
participating es:ablisﬁi?ﬁes‘ig'bf this dace vere 4100,

——— . S————— — . T—— -
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represencing 62% of the member locactions. Ia other words,
participation of the larger, multi-location companies among
YLPGA membership is substanstial. JLPGA aembers may accouant
for as high as 90% of the LPG volume sold. ;: is seill
iaportant, hovever, to get smaller LP-Gas dealers invelved,
whether members of the Association or act. Their customer
base and suaber of transactions with small-volume
residential users is significanc,

The following estimated breakdown of recail LP-Gas
deslers was derived by FTA from propriscary daca:
Estinatad Tocal ¥o. of Retail LP-Gas Escablishments - 10,900
Estimated Retail Escablishments (20 or amcre employees) - 330
Estimated Na. of Companies (20 or more employees) - 450

from the above ic may be seen that there are a very
large oumber of smaller racail establishmeats, many
apparently outside of che YLPGA active membership. Pasc

46

e ———. ——— m— = - cem e =

ot

o |

|

L_.J

- L L.

-+




experience shows that what might be termed "fringe”

operators have more than their share of coatribution to -
accidents, and are the least likely to participate in the ’
program. A secondary concern is that residential LP sysceas

of the type nbre likely to be involved in an accident are
frequently associated with low volume applications, Hence,
economic issues for both dealer and user in performing

adequate checks enter the picture. As the GAS check progranm
proceeds the situation will need to be monitored closely.

It is not intuitively obvious how to increase the
leverage for achisving greater depth and breadth of
participation in the GAS Check program. The NLPGA has, of
course, been actively promoting the program with their state
affiliated associations and individual members. The
Commission perhaps should consider a more public posture on
the matter and increase the level of liaison with State
regulatory authorities.

Wholesale gas suppliers have a stake in the success of
the GAS Check program considering "flow through" liabilicy
risks from certain types of accidents occurring at the
retail/residential level. This is particularly true where
proper odorization is an issue; They are perhaps in a
position to influence their customers who are marketing at
retail, including smaller marketers not presently
participating. Another possibilicy is by differentiation of
risk by insurance authorities among participating and
non-participating companies.
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2.3.2 Specific

outdoor portable cookiag squipmenc.

Turaiag now to zxore specific rascommendations, a
currently significant problem in the making-=therefors
aeeding priority atteatica--rsvolves around customer ovaed
concainers and their principal application, sclt-cancained.

in approximace order of the risk they pose in teras of
frequency and severicy are: '

1)
2)

3)

Overfilling of containers; improper purging
Iaproper transport/storage/maintsnance of
containers and fitcziags, and

Unsuitable component design to prevent minor
operational upsets from escalatiag to major
fires.

Some of the preadominant accident partieras leadiag oo

thaese donclusions wef%‘EIVEE'?E?IIE?‘tI‘EHI!rgtrcibn. -

Sapporting technical azalysis for the canclusiags and
reconmendacions aay be fouad in Sectiocas 4.2.1, 5.2 & S5.6.

Ma jor recommendations are tke following:

L

2)

3)

Require automatic stop-—£ill devices on portable
ceylinders.

Prohibit 'self-serve' cyliander £illing by cuscomer.
Iatroduce or upgrade as appropriace, training sad -
cartificacion of LP retail service scation
cperators. (Note: Oklaﬁona preseactly requires
licenses for fillers)

Revision of ANSI Z221.58 to define tamperaturas
limics on all gas carryiang componentcs where

heat transfer from the burmer box may affact
componant temperatures., Specify performance
tests appropriate to assura adequacy of affecced

48
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components, including hose connectors, regulators
and valving.

- 4) Require quick connect (automatic shut-off) coupling
- at cylinder valve outlet.
.

5) Require automatic thermal shut-off device(s) to
interrupt uncontrolled gas flow developing from
hose connector failure or regulator melt down
from excessive heat (fire).

= 6) Require a high pressure shut-off rather than a
r‘ safety relief vent on grill application regulators.

- 7) Discourage, via instructional material, maintaining
"spare™ cylinders and ban provisions for carrying
same on equipment cart.

8) Set-up appropriate monitoring activities. for early

: intercept and correction of any 'start-up’

difficulties typically associated with newly adopted

equipment.

9) Ban aluminum cylinders unless'equivalen: fire safety
to steel alloy cylinders is established by tesc.

: 10) Conduct research on feasibility of ablative or
intumescent coatings suitable for portable cylinder
applicatioen.

This concludes the listing relared to customer-owned

— portable cylinders and portable outdoor cooking equipment.

e The following recommendations deal with service
' regulation issues:

~ . 49
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o Praovide necessary code ravisious to require cwo
stage regulation for zew, permanenc iastallations.

6 Revise UL #144 and YFPA #58 to require automatic
high pressure shut-off features. 4 limiced capacicy
vent relief ia coajunction wvich the high pressurs
shut-o0ff {3 accaptable to limit auisance shut-off
with slight seat laakage uander lock-up condicions.

0 Set-up 3 ccordination group among affected parties
to establish acceptable linmits of dovnstrean
pressure rise with regulacor failura. Similarly
a group to deal wich particulate removal
requiremeats should be formed.

Section 4.2.2 and 5.4 provide cecianmical backgrouad wvith
respect to tiase recommendatioans.

The following recommendacioas deal with pressure relisf
requirements:

o Revise UL #132 to specify popping and blowdown
limiecs on pressure relief valves. -

Q9 Set-up task force (NLPGA) tg review sec-poizt aad
concomitant ASME container raquiremsnts fer high
ambienat temperature exposures with smaller tanks
and high risk relief applications. Section 5.2
provides descriptive tecianical discussion.

The following recommesndations deal wich vapor
wvithdraval (servica) valve protectioa requiremeats in NFP4
#38 for ASME staciocecary tanks cnder 2000 gallons capacity.

o Revise raquirements for servics valve protacction
to provide for 1) Preferred option of iaternal
excess Ilow valve unless contraiadicacad by use

'JLJ 1
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conditions, or 2) mandatory minimum of restrictive
orifice at valve inlet to prevent uncontrolled flow
of gas with valve break-off. Section 5.2.1.1
discusses this issue in additional detail.
The following recohmendation concerns LP-gas
specifications:

o Set-up appropriate task group to coordinate
inclusion of LP-Gas specifications into NFPA #58, with
adoption of minimum test verification requirements,
responsible parries for determination, and inclusive of
tests for appropriate corrosive contaminancs considering
source of supply.,.
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3.0 Overview of Hazards Associated with the
Residential Use of LP-Gas -

3.1 Properties of LP-Gas Related to Safety

A good starting pdin: in the discussion of hazard
characteristics associated with LP Gas use is to examine
some of the physical properties of LP gases themselves and
compare them to methane, the prinicipal componeat of natural
gas (Table 3-1). Propane and butane are the prinicpal
LP~-gases. Propane, sold under commercial or HD-5
specifications is the LP gas (LPG) residential fuel sold in
the greatest quantities. Gas Processors Association (GPA)
and related references toc American Society for Testing and
Materials (ASTM) Sﬁecifica:ions are shown as Table 3-2.
These gases are not pure, but have minor constituents which
for present purposes of discussion we will disregard.
Howaver, these so-called "minor™ constituents will be shown

- tn later discussion to have major impact with regard to .

hazard in certain situations. Also, LPG and matural gas
fuels are odorized by the minute addition of typically
mercaptan compounds to aid in the detection of leaks.
Odorants and their behavior have a profound effect on safety
considerations, particularly with LP-Gas. This is addressed
specifically in Section 4.2.3. '

Referring to Table 3-1 note that the specific gravircy
of LPG vapors are greater than unity, hence are heavier than
air (Air-l.O'b} definition). Natural gas on the other hand
is lighter than air. Therefore,.  natural gas has an
intrinsic natural dispersion and veu:iné characteristic
(through an appliance venting system for example), whereas
LPG vapors may move- downward and tend to collect temporarily
in low places (e.g. basements) prior to dispersing. Though
useful to explain a difference in fundamental hazard
characteriscics, it must be remembered that the description
is somewhat simplistic. The specific gravity differences of
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Tabie 3-1
PHYSICAL PROPERTIES OF PROPANE, BUTANE AND METHANE

PROPANE BUTANE “?M%Ge?s |
Chemical Formula CyHg CqHyg CH,
Specific Gravity (Liquid) 509 582 3
Specific Gravity {Vapor) 1.52 2.0t 54
Weight per Gallon 4.24 1bs. 4.84 Ibs. -
Boiling Point {Atmospheric) 44% 31%F -260°F
Ignition Temperature $20-1120°F 900-1000°F 1,150°F
Maximum Flame Temperature 3,595%F 3,615°F 3,400°F
Flammability Limits® (Upper) 9.60% 3.60% 14%
Flammability Limits® (Lower) 2.15% 1.55% &%~
Idesi Combustion Ratio (Air to Gas) 24101 311 10tw01"
Hest Value per cu. ft, (Vapor) 2,516 BTU 3,280 8TU 1.000 BTU
Heat Vaiue per-pound (Liquid) 215918TU | 2122187V | -
Heat Vailua per gailon (Liquid) 91,547 8TU | 10203287V | -
Cubic feet Vapor per galion 38.4 cu. ft. - -
Cubie fest Vagor per pound 8.6 cu. ft. - -

NOTE: All praoperties are approximates from industry sourcss

*Percent of gas in sir
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